uring the past three academic years, ''self-learning exercises'' (SLEs) have been incorporated into the Medical Physiology course for first-year students at the Morehouse School of Medicine. Roughly 20-30% of the material covered in the course is presented to the students in the form of these exercises, instead of in lectures. The exercises are intended to help the students develop skills in active learning and problem solving. Formal analysis of student performances on multiple-choice exam questions showed that the SLEs did not significantly impair learning evaluated by this traditional means. Student feedback was strongly negative the first year and prompted a number of revisions in the format of the SLEs, which seem to have made them more palatable, without negating their emphasis on active learning and application of material.
In the 1994-1995 academic year, the faculty of the Department of Physiology at the Morehouse School of Medicine (MSM) introduced a series of ''self-learning exercises'' (SLEs) as part of the Medical Physiology course that all first-year medical students are required to take. These SLEs were written exercises that the students were to work on in class during regularly scheduled class sessions and covered roughly onethird of the new material presented in the course. The intent of the faculty in incorporating these exercises into the course was to encourage active learning and the development of skills needed in applying physiological facts and concepts to the solution of problems, thereby improving mastery of physiology by the students. A secondary objective was to provide a setting in which the students could develop their skills for working together as members of a team, in preparation for their work later as members of clinical teams involved in the management of patients. The performance of MSM students was compared with that of students at the East Carolina University School of Medicine (ECU) on jointly designed multiple-choice exam questions as a way of testing the assumption that the SLEs were at least no worse than lectures in facilitating mastery of the material. Informal comments from the students as well as written feedback solicited both directly by the Department of Physiology and as part of the standard course evaluations administered by the Department of Medical Education were carefully analyzed. Presentation of material in the SLE format had no apparent effect on how well the students performed on the exam questions, but did elicit notably negative responses from the students overall. In subsequent years, the format of the SLEs has been modified to provide the students with more freedom in how they choose to work on the exercises, as well as with more guidance in their work. This seems to have made the SLEs less objectionable to the students, while still encouraging active learning and the development of skills in application and problem solving, as originally intended. This experience has been instructive with regard to some of the problems that can be encountered in attempts to incorporate elements emphasizing active learning and problem solving into a traditional medical curriculum.
SLE FORMAT
For the 1994-1995 year, a very tightly structured format was designed with the intent of providing the students with the means to meet the challenges to be presented to them in the SLEs. The 38 students in the class were divided into 10 working groups of three or four students each. Group assignments were made by the faculty to ensure a good mix of personalities and academic strengths in each group on the basis of comments from the faculty of courses taken earlier by these students. The individuals in each group were to work together on the SLEs, helping each other, comparing answers, and discussing and resolving inconsistencies. Reference textbooks were signed out to the students for the duration of the course, one set to every two working groups. Each set included one copy of each of the following: Ganong' The students were told to arrange among themselves for storage of the books and to make sure that all group members would have access to the books, both during SLE sessions and outside of class. Because this structure made the students in each group interdependent on one another, attendance at the class sessions scheduled for working on SLEs was mandatory: students were required to sign an attendance record and were reminded repeatedly that one-half of a percentage point would be deducted from the final grade for each unexcused absence. SLE sessions were generally 2-h long and took place during the regularly scheduled class time on Thursdays. The material covered by the students in these sessions included about one-third of the new material presented in the course. The remaining two-thirds was covered in traditional lectures on Mondays and Tuesdays. On Fridays, the students participated in a 3-to 4-h discussion session that was designed to review and reinforce the new material presented in the lectures and the SLEs.
The SLEs themselves included a variety of different types of problems: fill-in-the-blank, short answer, numerical calculations, figures to sketch, graphs to draw and interpret, and tables to complete. These were all oriented toward a set of explicit learning objectives presented with the exercises. The problems required the students to extract information from the various reference textbooks [and the primary text for the course, Berne and Levy's Physiology (5), which each student was expected to have] and to interpret, evaluate, and integrate this information into their knowledge bases as a means of achieving the stated learning objectives. The exercises were distributed to the students at least one class session ahead of time, so that the students had the opportunity to read them over and start or even complete them before coming to class. During the SLE sessions, students were encouraged to work together in the assigned working groups to complete the exercises and to compare their solutions and resolve any differences among their individual answers. At least two faculty members circulated among the groups during these sessions to guide the students, but specifically not to provide answers. These faculty members included the primary instructor for that section of the course (responsible for the lectures and for designing the syllabus, SLEs, and discussion questions), the support instructor for that section of the course (responsible for attending all class sessions, serving as a second faculty resource to the students, and moderating the discussion sessions for one-half the class), and occasionally the course coordinator and another faculty member who served as a tutor to the students, as needed, throughout the course (A. H. Huang). The format and intent of the SLE sessions were presented in detail in the syllabus and described to the students as part of an introductory ''housekeeping'' lecture at the beginning of the course. Reminders were provided at the beginning of individual SLE sessions as necessary, but there was no formal training of either the faculty or the students for their new roles in these sessions.
For 1995-1996, the year after introduction of the SLEs, several changes were made. First, the assigned groups and the mandatory attendance policy were abolished because they proved to be counterproduc-tive, engendering an atmosphere of resentment and antagonism, without ensuring participation. Instead, the students were free to work alone or in groups of their own choosing, and the reference textbooks were made available for the students to use in class during SLE sessions or to sign out on an individual basis. Second, the exercises were revised to accommodate these changes: the emphasis was shifted away from extraction and evaluation of information from multiple sources and toward application of a defined set of information. Some exercise sets included a ''preclass exercise'' designed to prepare the student for the ''in-class exercise,'' both of which were distributed to the students well ahead of time, as part of the syllabus. The completed exercises were sometimes collected, at the discretion of the primary instructor; the preclass exercise was collected at the beginning of the class session and the in-class exercise at the end. Third, a bonus point system was instituted, so that students who chose to participate were tangibly rewarded with a bonus point (worth ϳ0.2% of the final grade) for each reasonably completed exercise turned in. Finally, a brief review was incorporated into the last 20-30 min of each SLE session, with the faculty highlighting the major points of the exercise.
For the 1996-1997 year, the format of the SLEs continued to evolve, with the students expected to complete more of the exercises before class, and the summary/review by the faculty becoming more extensive. The exercises were again revised to make them more suitable for the students to complete independently without access to the instructors who, in earlier years, had circulated among the students as they worked. Despite the SLE sessions becoming more like lectures, the active nature of these learning experiences was maintained by the bonus point system. This seems to provide an effective incentive for the students to do the exercises (actively) before class, rather than simply coming to class to receive the answers (passively). Copies of example SLEs from the three academic years reported on here are available from the authors, on request, for review.
METHODS
Efforts to improve the curriculum often raise the concern that learning might be inadvertently impaired instead. Consequently, we sought to establish that the students mastered the material at least as well when it was presented in the form of SLEs as when it was presented in the lecture format. To this end, the performance of the 38 students at MSM was compared with the performance of a control group, the 72 students in the first-year Medical Physiology course at ECU, in the portion of the course devoted to cardiovascular physiology. Both groups of students used Physiology (5) as their primary text and were guided in their studies by similar stated learning objectives. All of the material was presented to the ECU students in the lecture format (by R. G. Carroll), while one-third was presented to the MSM students in the form of SLEs, the remainder being presented as traditional lectures (primary instructor, A. H. Huang). Two sets of 10 multiple-choice exam questions each were developed jointly by RGC and AHH for inclusion on the unit exams to be administered to the two groups of students. One set covered material presented to both groups in lectures, and one set covered material presented in SLE form to MSM students and in lecture form to ECU students. One question from each set was ultimately excluded from analysis because of slight differences in the ways in which they were presented in the exams. The remaining 18 questions were further subdivided into those testing straight factual recall (9 questions: 4 on lecture material and 5 on SLE material at MSM) and those testing application of information (9 questions: 5 on lecture material and 4 on SLE material at MSM) (12) . The performance of each group of students on each question was measured as the percent of the group that answered correctly. The questions used, their classifications, and the performances of the two groups of students on each question are presented in Table 1 .
Student feedback was solicited by the Physiology faculty at intervals throughout the course and by the Department of Medical Education at MSM at the end of the course. The evaluation forms used by the Department of Physiology were under development in the period reported here, so the specific questions that were asked changed from year to year but always included some items directly focussed on the SLEs. Therefore, only indirect comparisons from year to year are possible. The evaluation forms used by the Department of Medical Education were standard forms used for all preclinical courses at MSM and therefore did not address SLEs specifically. The responses of the students were still useful in the evaluation of SLEs, because space was provided for written comments, and many students chose to comment on the SLEs. In addition to these two sets of written feedback from the students, the faculty received informal verbal comments and complaints from the students throughout the course. The subjective impression created by this verbal feedback will be summarized.
RESULTS
The two populations of students tested with the jointly designed set of questions were clearly not identical, but bear enough similarity to one another to make comparisons meaningful (see Table 2 ). The stated missions of both MSM and ECU include the recruitment and training of minority and other students to become physicians committed to primary care medicine. Both groups include relatively high proportions of in-state residents (34% at MSM, 100% at ECU), wide ranges of ages at matriculation (early 20s to early 40s, with means in the mid-20s), and faculty at both institutions have noted great variation in the effectiveness of the study skills of the students. The academic records of the students were also similar, with grade point averages in the low 3s; MCAT scores for the MSM students averaged in the mid 6s, and the ECU students averaged around 8.
Overall, the performance of the students on the jointly designed test questions was similar at both schools and on both sets of questions. On lecture material, 78.0 Ϯ 11.9% (mean Ϯ SD) of students at MSM answered correctly compared with 79.6 Ϯ 15.4% of students at ECU. On SLE material, 78.1% Ϯ 14.9 of students at MSM answered correctly compared with 83.1 Ϯ 12.8% of students at ECU. Differences were tested both parametrically (paired and unpaired t-tests) and nonparametrically (Wilcoxon signed-rank test and Mann-Whitney rank sum test) and were not statistically significant (P Ͻ 0.05) in any case. Specifically, the difference in the performance of MSM students relative to ECU students was calculated for each test question (MSM %correct Ϫ ECU %correct), and the tests shown in Table 3 were performed.
Feedback from the students (see Table 4 ) in the 1994-1995 year indicated that, although there were a few students who responded positively to the SLEs and found them instructive and worthwhile, they were far outnumbered by those expressing frustration and annoyance. Seventeen students (45% of the class, 74% of those who provided written comments) specifically mentioned SLEs in their responses to the questionnaire administered by the Department of Medical Education at the end of the course. These were all negative comments, naming SLEs as the feature of the course that the students liked least or suggesting Percentages given in parentheses are percentages of the total number of students in each class. GPA, grade point average. The self-learning exercises are an appropriate way for me to learn new material (4.7 Ϯ 0.5).
I now feel more comfortable with the self-learning exercise method of learning new material than I did at the beginning of the course (3.8 Ϯ 1.3).
I feel comfortable with my understanding of the material covered in the self-learning exercises (4.7 Ϯ 0.8).
I feel comfortable with my understanding of the material covered in the lectures (2.3 Ϯ 0.5).
Thus the students were reasonably comfortable with the familiar lecture format, but were very uncomfortable with, and lacked confidence in, SLEs as a format for learning new material.
These responses are consistent with the numerous and emphatic verbal comments offered by the students throughout the course, expressing frustration about the SLEs and indicating a strong preference for the lecture format. The frustration was generally associated with the students' sense of uncertainty as to whether they were ''getting'' what they were ''supposed to'' be getting from the exercises. Many students were extremely uncomfortable with not being able to check their work against ''the right answers,'' and they did not feel capable of adequately evaluating and correcting their own work on the basis of the information available to them in the work of their fellow students, the reference texts, and the reinforcement/discussion sessions. In later portions of the course, the faculty responded to, and partially alleviated, this frustration by presenting brief reviews of the material covered in the SLEs in the last 20-30 min of the scheduled class sessions. The annoyance expressed by many students was largely directed toward 1) the mandatory attendance policy (on the part of students who saw no value in trying to learn in the SLE format and therefore wanted to be free not to participate) and 2) the lack of participation by other students (on the part of those who found SLEs worthwhile and felt unfairly taken advantage of when other students in their working groups took possession of the reference texts and neglected to bring them to SLE sessions, did not contribute to the sessions, and only copied the work of those who did).
Student sentiment about learning in the SLE format was also evident from their behavior. Many students did not prepare for the SLE sessions ahead of time, and many arrived 10-20 min late for class (with a few students as much as 30-60 min late). The students tended to work on their own, or in groups of their own choosing, and tended to try to divide up the exercises, so that each student had really worked through only one portion of the set of exercises. Although most of the textbooks were duly returned to the faculty at the end of the course, they were largely forgotten during the course and were often not available during SLE sessions. In the 1995-1996 year, feedback from the students indicated that, although a number of them still disliked the SLEs, the sentiment was more moderate and less antagonistic than in the previous year. Twelve students (32% of the class, but 35% of those who provided written comments) specifically named the SLEs as a feature that they liked least or made suggestions to change or eliminate the SLEs. One student mentioned the bonus point system as the best-liked feature of the course, and students chose to do the exercises and turn them in for bonus points 84.3% of the time. The departmental questionnaire distributed at the end of the cardiovascular section of the course was filled out by 34 of the 37 students in the class. Only seven students (19% of the class) felt strongly enough about the SLEs to mention them in written comments, with six of the comments being negative and one being positive. When the students were asked to indicate, on a scale of 1 to 5 how much more or less (1 ϭ much less, 5 ϭ much more) of the course they would like to have in the form of SLEs and in the form of lectures, there was wide variation in their responses, as shown in Table 5 . The averages suggest that sentiment was fairly balanced over the class as a whole, with the average preferences being for only a little less of the course being presented in the form of SLEs and a little more in the form of lectures. When the students were asked to rank 10 features of the course in terms of perceived usefulness (1 ϭ most useful, 10 ϭ least useful), SLEs were ranked 8th overall, whereas lectures ranked 2nd overall, although again there was a great deal of variation among the responses. Verbal comments from the students indicated merely a tolerant dislike for the SLEs, without nearly the antagonism apparent the year before.
For the 1996-1997 year, the results of the standard course evaluation questionnaire administered by the Department of Medical Education are not yet available. Twenty-six of 44 students have returned departmental questionnaires distributed after the cardiovascular section of the course was completed in January 1997. The instructor (AHH) was rated as ''average'' (3.06 on a scale of 1 ϭ extremely good, to 5 ϭ extremely poor) in ''effectiveness in guiding you and facilitating your learning from SLEs.'' Fifteen students provided written comments, with only seven students (16% of the class as a whole) specifically mentioning the SLEs. Interestingly, one student indicated that the SLEs were not challenging and ''active'' enough, while six found them confusing or frustrating. There were few verbal comments about the SLEs this year, and the students chose to participate, turning in completed exercises for bonus points 87.3% of the time. Although differences in ''class personality'' in different years certainly contribute to differences in the responses of the students, these observations suggest that the modifications in the SLEs may have made them somewhat more palatable.
DISCUSSION
Because of ongoing and growing concerns about poor mastery of physiology by first-year medical students at MSM, the faculty of the Department of Physiology explored ways of improving the Medical Physiology course. The advantages of active over passive learning are clear (11) , and the relevance of case-based formats was obvious. Neither the faculty nor the students were prepared though to convert the course in one fell swoop to a purely problem-based method, as described by Barrows (1, 4) . Instead, the faculty chose to try merely to encourage more active learning by incorporating SLEs into the course. This turned out to have little apparent effect, either positive or negative, on performance of the students on standard multiplechoice exam questions.
Clearly, standard multiple-choice exam questions are not ideal or even appropriate for assessing selflearning or problem-solving skills (3). These are nonetheless the mechanism used for assessing student mastery of material throughout much of the medical curriculum at MSM and in the United States Medical Licensing Examination. Therefore, it is important to establish that attempts to enhance self-learning and problem-solving skills do not interfere with student performance as assessed by these traditional methods. It would be of great interest to assess specifically the effectiveness of the SLEs in enhancing self-learning and problem-solving skills, apart from their effectiveness in maintaining student performance on multiplechoice exams. Indeed, testing these skills directly, as by essay or oral examinations with open-ended casebased questions, as opposed to relying on tests that focus on acquisition of specific bits of knowledge, would be likely to add to student motivation to acquire these skills (3) . Unfortunately, the logistical accommodations required to design, administer, and evaluate the student performances on such tests, within the framework of the ongoing traditional curriculum at MSM, are prohibitive, and the demands that would be placed on both faculty and students by such assessments would be out of proportion to the contribution of the SLEs to the curriculum.
The awkwardness of incorporating a small element of active learning into a traditional curriculum is well known (3), yet this may be the only alternative to a wholly passive curriculum in situations where wholesale conversion to a problem-based curriculum is not a practical possibility. In the attempt made at MSM, described here, student performance on the multiplechoice exams was not jeopardized, but considerable negative sentiment was generated among the students. Some initial resistance to such an unfamiliar learning format had been predicted, but it had been expected that interest and enthusiasm would grow and spread as the course progressed. On reexamination of the SLE format implemented, it becomes clear that there are features of this format, apart from its emphasis on active learning processes, that can account for at least a large portion of the negative responses of the students.
First, there was far less guidance of the students by the faculty than is often described for ''problem-based learning'' formats. The faculty-to-student ratio (1:10 to 1:19) was much lower than the 1:6 typically described for problem-based learning formats, and the faculty involved had no special training or guidance in effectively facilitating the students' efforts in the SLEs.
Although it might seem that the faculty-to-student ratio and faculty skill should be irrelevant in a setting in which the emphasis is on active self-learning by the students, the importance of adequate and appropriate guidance by the faculty has been noted repeatedly (1, 2, 3, 5, 13) . The SLEs were designed to be considerably more focussed and self-contained than problems used in typical problem-based learning curricula, but the persistent sense of ''being lost'' expressed by the students indicates that the level of faculty guidance available was still not appropriate to the needs of the students in this setting. This problem may have been exacerbated by the fact this was the only part of the first-year curriculum in which the students were faced with such an unfamiliar alternative to the usual lecture/lab format. The students were also provided with only cursory instructions in how to approach this new learning format, in contrast to the 1-2 wk of training that has been described for completely problem-based curricula. Furthermore, there was very little continuity on the part of the faculty: the faculty members present at the SLE sessions, all with at least slightly different approaches and levels of interest and skill in guiding the students, changed from session to session, so there was no opportunity for any group of students to develop a true working relationship with any one faculty member.
Second, the forced interdependence and mandatory attendance policy backfired completely. Rather than providing a structure to help the students take on the challenge of a new learning format, these features tended to alienate the students and stiffen their resistance.
In the following academic year, 1995-1996, the Medical Physiology course at MSM again included active learning exercises, but the format was modified on the basis of the previous year's experience. First, the exercises themselves were modified to be more appropriate to the level of faculty participation possible. The exercises were more self-contained and required little extraction and evaluation of information from multiple sources, but instead emphasized application and interpretation of information available from a single source (the primary text or material distributed with the exercises). This also eliminated the problem of signing out sets of reference books to groups of students for the course. Second, the assigned working groups and mandatory attendance policy were abolished. The students were free to participate or not, as they saw fit, and they were free to work individually or http://advan.physiology.org/ in groups of their own choosing. Scheduled class time was still reserved for the active learning sessions, with faculty and reference books available for guidance and discussion. Third, the bonus point system helped strengthen the link between ''the bottom line'' (grades) and the SLEs. Although there were still students who strongly disliked this learning format, the responses of the students overall were generally neutral, and the large majority of the students did choose to participate. In the current, third, year of including SLEs in the course, student sentiment has moderated to a generally tolerant dislike, with nearly 90% of the students choosing to do the exercises. To accommodate the growing practical limitations on the degree of faculty participation that can be arranged, the exercises have become far more tightly defined than true problembased learning cases, but they still demand some level of active learning on the part of the students, in that the students must process the information and then apply it in the exercises and cannot merely receive the information passively. Although this is far from ideal, it seems to be a step in the right direction, given the practical realities of making modifications within an established traditional curriculum. Perhaps it will be possible in the future, with more attention to training the students specifically in the processes of active learning, to increase the level of independence required by the exercises. In the meantime though, the active learning component of the Medical Physiology course at MSM seems to be at least as effective as the component presented in the traditional lecture format, and it provides the benefit of a change of pace. It will be of great interest to see whether the students' experience with active learning in this course carries with it any longer term benefits in terms of their ability to seek out and apply information to problem solving in the clinical years and also whether these exercises can be effectively transferred to other institutions.
